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Abstract 
Learning Factories are implemented for multiple applications offering opportunities for practical research and training. The majority of learning 
factories is designed for very special purposes as training of lean methods and manufacturing logistics. The bime developed and installed an 
adaptable Learning Factory called BERTHA that is capable to run various manual assembly scenarios typical for special-purpose machine 
assembly for example. The paper introduces the Learning Factory BERTHA, its current application scenarios and concepts to support 
participants and trainers to evaluate learning outcomes. Finally, the paper describes one sequence of a scenario and the application of evaluation 
concepts. 
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1. Introduction 
Modern manufacturing is a continuously changing process. 
Different factors influence the methods and products in 
different ways. While the globalized economy mostly changes 
how things are produced, the rising standard of living demand 
many varied products. The quickly advancing informational 
society influences both the methods and the products. To stay 
competitive, new innovations need to be developed and 
implemented constantly. This process generates ever 
increasing amounts of knowledge and demands great flexibility 
of management and employees. [1] To keep up with these 
changes personal needs to be constantly educated. An ideal 
employee will keep improving his knowledge by himself (live 
long learning) and help optimize processes on his own. To 
allow optimization and education to take place there needs to 
be an environment where employees can experiment without 
endangering the existing manufacturing processes. A Learning 
Factory is such an environment.  
The Industry demands graduates to be as close to these ideal 
employees as possible. [2] To train the necessary flexibility in 
future employees the Bremen Institute for Mechanical 
Engineering (bime) offers a Learning Factory as a component 
of mechanical engineering and similar study programs. In this 
facility students can make practical experiences with the 
complexity of industrial reality in an experimental 
environment, training to handle unforeseen complexity 
successfully. In contrast to a real work environment the 
students are encouraged to experiment and learn from their 
mistakes without penalty. This helps them to keep their 
curiosity and flexibility. The students can also participate in 
experiments developing new production control methods. This 
combines research and education. The prior knowledge and the 
curiosity of the students allow experiments while also being 
unimpeded by live long habits.  
In this paper the concept of research-based learning is 
described as the theoretical base of the planned educational 
destination of BERTHA. Following that BERTHA itself is 
introduced and a university course using a BERTHA scenario 
is described. The plans and perspectives of the project conclude 
this paper. 
2. Research-based learning 
Research-based learning is a popular educational concept at 
the University of Bremen. The goal is to motivate the students 
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of thinking independently. Research is also important because 
it suggests improvements for processes. [3] The concept allows 
students to define their own questions to research and teaches 
them how to solve these problems using scientific methods. 
The difference to other educational concepts is that it is 
designed like research projects. The students conduct 
independent research in all its phases, starting with defining the 
question, continuing with choosing hypothesis and methods 
and finally cumulating in checking and presenting results. [4] 
The typical phases of a research-based project are [5]: 
 
x Phase 0: Introduction in the basic concept of research-
based learning. (optional) 
x Phase 1: Definition and clarification of the problem. (can 
be specified by the instructor) 
x Phase 2: Gathering of theoretical information (time: before 
phase 1 or parallel to empirical research; method: usually 
literature research or sometime in the form of lecture) 
x Phase 3 and 4: Method training, evaluation and planning 
(evaluation and planning mostly the responsibility of the 
students) 
x Phase 5: Conducting research (practical part of the project; 
can be done on or off campus) 
x Phase 6: Classifying, evaluating and presenting of the 
findings (usually part of the exam; can be papers, 
presentations and theses) 
x Phase 7: Systematic reflection of the project (optional) 
 
Researched-based learning is one of the educational 
methods BERTHA allows. The method used is dependent on 
the scenario. 
3. Introducing BERTHA 
The Learning Factory is called BERTHA. The acronym 
stands for Bio-inspired Experimental Research Testbed for 
Human Arrangements in Assembly Systems. BERTHA was 
built and improved over the last few years in the context of 
several research projects.  
It consists of three assembly stations that are arranged in a 
straight line. (see Fig. 1) Each station is equipped with tools, 
consumable materials and a personal computer. Tools and 
consumables are stored in containers that are following the 
products along the line. Buffers between stations that enable 
storage of partly assembled products during the production 
process do not exist. All stations are equally equipped and 
limited with regard to the number of assignable workers to a 
maximum of three employees at a time. The production process 
is paced and synchronous. The cycle time is defined by the 
respective scenario. The partly assembled products are moved 
from one station to the next at the end of a cycle. The following 
production cycle starts when all products have reached their 
new position. Products that leave station three are handed to the 
quality control and disassembly area. The material storage in 
the centre is accessible from all sides, which enables a closed-
loop. Finished products are checked for proper assembly. 
Checked products are disassembled. In total 12 workers are 
employed in the process. [6] Some existing components are 
metal frames, computers, electrical parts, hoses, wires and 
panels. Possible tasks of the assembly stations are assembling 
the frame, adding inner workings and attaching the casing.  
The number of different parts allows students to find 
individual solutions for each step in the assembling process. 
This provides a sufficient complexity to allow multiply 
strategies for each task, enabling teachers to flexibly adjust 
difficulty and make interdisciplinary teaching and research 
possible. 
BERTHA can be used for different university tasks:  
 
x research and development, 
x research-based learning,  
x education and training. 
 
These are the three pillars of BERTHA (see Fig. 2), 
allowing transfer of knowledge between all three areas.  
Integrating students in current research projects gives valuable 
experience in real world assembly and scientific methods and 
motivates them to become more curious. The flexibility of 
BERTHA allows it to be adapted for various scenarios 
depending on current research or teaching needs. Up to today 
the following scenarios have been implemented or planned: 
 
x paced and field assembly of bulky products, 
x different planning and control strategies, 
x lean manufacturing approaches, 
 
 
Fig. 2: The three pillars of BERTHA 
 
Fig. 1: The Structure of BERTHA 
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Other scenarios can be designed as needed and may 
combine multiple pillars in to one project, facilitating transfer 
of knowledge and experience between researchers, students 
and industry trainees.  
4. Didactical Concept 
In this chapter a seminar using BERTHA and the underlying 
didactical concepts will be described: To try out BERTHA this 
seminar has been conducted. To find a realistic topic an 
experiment from a research project is used as a core 
component. The experiment is meant to compare a foreman 
controlled assembly process to a computer guided semi-
autonomous process. The seminar concept uses both the 
research and development and the research-based learning 
pillars of BERTHA. The course results in experimental data for 
the research project and practical experience for the 
participating students. It is targeted at students in the middle or 
later phase of the mechanical engineering or similar programs.  
This course is research-based learning but deviates slightly 
from the original concept. To gather meaningful experimental 
data, it is necessary for the participants to have no preconceived 
notions. This allows the students to approach the experiment in 
an open manner. Due to this condition some phases of research-
based learning cannot be done and others have to be postponed 
after the experimental part on the Learning Factory BERTHA. 
Phases 0, phase 1, phase 3 and phase 4 do not take place while 
phase 2 is postponed. (see chapter 2) Still some of the 
characteristics of research-based learning apply: different 
approaches to problems including possibility of failure, 
gathering of theoretical data, conducting experiments, 
gathering and classifying results, compiling all gathered 
information into one essay and reflecting on the project for self-
improvement. 
4.1. Didactical considerations 
To design a course, the basic conditions have to be 
considered. Facts about the participants, environment and goals 
have to be examined and worked into the concept. [7] 
As the students can be from different programs their prior 
knowledge has to be aligned. Due to this an introductory event 
is necessary. In addition to their role as learners they also serve 
as participants in the experiment. The lecturer role is less as a 
source of knowledge but more an advisor. He also observes the 
experiment as researcher. The final role is filled by the institute. 
It serves as the motivation to conduct the research project this 
experiment is a part of. 
The Learning Factory BERTHA serves as a didactic creative 
environment for the practical part of this course. The course is 
designed to help students improve multiple skills. Most of these 
skills can be improved through practical experience working on 
the assembly line in the Learning Factory: 
 
x Responsibility in semi-autonomous assembly processes 
x Ability to independently optimize assembly processes 
x Experience in assembly planning and design 
x Teamwork in assembly processes 
x Risk management in assembly processes 
x Evaluate effects of paced assembly methods on 
productivity and motivation  
x Evaluate effects of semi-autonomy on productivity and 
motivation  
4.2. Course formalities and timeline 
The course is located in the electives general studies area 
and called “Motivation and autonomy in manufacturing and 
assembly”. It takes place at the end of the lecture period and is 
conducted in three consecutive days followed by writing an 
essay in groups of up to three students. The grade is based on 
this essay of up to 30 pages. The course workload is valued 
with 3 ECTS credits.  
The seminar is divided in to four phases (see Fig. 3 and 4): 
Phase 1 (input) consist of the introductory event at the 
beginning of the first day and mandatory safety briefing 
directly afterwards. The introductory event covers formalities 
of the course, the timeline, basic reviews of manufacturing and 
assembly organisation and design, introducing the research 
project as real world reference and possible essay topics. The 
safety briefing includes a tour of the BERTHA facility and a 
prerequisite for the rest of the course.  
Phase 2 (training) consists of training the working steps and 
sequence necessary to assemble the final product and the 
handling of the computer guidance system (AICS). It is 
scheduled for the afternoon of the first day. 
Phase 3 (implementation) spans the two following days. 
One day the experiment is conducted with guidance of a 
foreman deciding all necessary steps and assigning the workers 
to the assembly stations (scenario 1). On the other day the 
Fig. 3: Course overview Fig. 4: Timeline of practical part 
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assignments to the assembly stations are handled semi-
autonomously by the workers themselves.   Each worker can 
decide between three tasks offered by a computer guidance 
system (scenario 2). [6] 
Phase 4 (post-processing) starts at the end of day three with 
a feedback meeting allowing the exchange of experiences in an 
organized manner. At the beginning of the meeting a survey is 
filled out by every participant. Afterwards an open discussion 
about the scenario execution and participant experiences is held 
moderated by the lecturer. At the end of the meeting the essay 
topics are chosen. Available topics are: 
 
x Using assembly teams in manufacturing and assembly 
x Chances and risks of self-regulation in manufacturing 
x Using semi-autonomous teams in mechanical engineering 
x Effects of increased autonomy on employee motivation 
and behaviour 
The student groups are writing the essays over one and a half 
month gathering information on their chosen topic, compiling 
and evaluating their experiences into the given context and 
presenting the findings. After the essays are graded by the 
lecturer a final meeting takes place where feedback about the 
course is collected. The students are asked to evaluate their 
progress in the targeted skills.  
4.3. Scenario description 
All workers are fully cross-trained assembly workers with 
no direct affiliation to one of the assembly stations. Workers 
are free to move between stations during cycle time and form 
teams if necessary. Two products can be checked and 
disassembled in the respective area simultaneously. (see Fig. 5) 
Before starting the scenario workers are trained in two 
phases. In a first phase the workers perform the assembly 
operations without any time limitations in their individual pace 
in order to familiarize with the execution of typical assembly 
tasks. In a second phase the production scenario of a paced 
assembly line and the AICS are introduced. Due to the lack of 
experience in performing the assembly operations, no 
autonomy is given to the participants in this phase. Only one 
task is displayed by the AICS when a participant requests a new 
task. The objective of this phase is to familiarize with the 
production process and the use of the AICS. 
During the actual experiment two scenarios are executed. 
In the first scenario the production process is organized and 
controlled by a foreman that schedules the assembly tasks and 
allocates personnel to tasks and assembly stations. 
Furthermore, the foreman is responsible for problem solving 
when technical problems and disturbances arise. In a second 
scenario limited autonomy is offered to participants. 
Production control is supported by the AICS offering each 
employee the opportunity to choose between a predefined 
number of tasks that are ranked as critical ones in the list of 
executable tasks. The foreman’s responsibilities are reduced to 
problem solving in case of disturbances and technical defects. 
While groups change, the role of the foreman is embodied by 
the same person during experiments and might be varied in 
future research. [5] 
5. Results and perspectives 
The described course took place in the summer of 2015 and 
can be considered a success. Even though the small number of 
participants does not allow for final conclusions, the observed 
tendencies are very encouraging.  
Using the Learning Factory BERTHA as a core part of the 
didactic concept allows students to experience realistic work 
conditions. The feedback indicates a higher degree of 
knowledge retention in parts reinforced by this experience.  The 
distance between the practical part of the course and the second 
feedback round reinforces this impression.  
All indicators including the essays show marked 
improvements in the student’s abilities that were targeted in the 
course. They were encouraged to take responsibility for their 
own part of the assembly process and to optimize it. Especially 
Scenario 2 bolstered the teamwork and risk management 
capabilities of the students. Using feedback from the students’ 
surveys, observations and meetings the course will be further 
optimized.  
5.1. Improved feedback mechanisms 
To continue optimizing the courses and the BERTHA 
facility more and more precise feedback is needed. Additional 
data also helps tracking student progress. A self-evaluation at 
the beginning of the course enables the lecturer to establish a 
baseline of student knowledge and helps clarify the course’s 
goals. Due to the nature of this iteration as a test for the 
BERTHA the surveys were mostly generalized. In the future a 
more detailed survey will be developed and used. The final 
student survey will also contain questions regarding course 
formalities and content. The form of surveys will also be 
optimized. Especially suggestions regarding course 
improvements will be asked for in a more freeform manner. To 
better consider and gather lecturer opinions the feedback 
process will also be formalized.  
5.2. Improved knowledge transfer  
The follow-up meeting at the end of the current course is 
mostly geared to provide feedback and tie up formalities. Even 
though all essays are published online for all the students’ 
perusal it is likely that most students will not read about the 
other topics. To help transfer knowledge from one student 
group to the others a presentation format will be adopted. Each 
group will present their findings to all participants at a 
specialized meeting. This also allows student based feedback 
to the groups and discussions of findings. Fig. 5: BERTHA in action 
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Another improvement to the course concept is adding 
additional practical phases. These could either be inserted in 
the middle of the essay writing process to allow students to 
check their hypothesis in a practical environment. This would 
extend the seminar to a full semester. The other possible 
timeframe would be at the end of the course to help transfer 
knowledge between groups as an alternative to presentations. 
Both possible improvements are dependent on the availability 
of BERTHA. 
5.3. Full research-based learning courses 
The described course has aspects of research-based learning 
but the circumstances didn’t make a full research-based 
learning approach possible. A goal for the Learning Factory 
BERTHA is offering a full research-based learning course. 
This would allow students to choose their own topics, 
developing and running their own projects under the 
supervision of institute personal. 
The general outline of the planned course is: 
x An introduction to the Learning Factory BERTHA 
including a security briefing, allowing the students to learn 
the capabilities of the facility. 
x The students suggest topics for research or optimization 
projects. The lecturer evaluates and approves the projects. 
x The students design experiments by researching methods. 
x The experiments are conducted with the help of the other 
students as participants and under observation of the 
lecturer. 
x Results are collected, evaluated and compiled as a 
scientific essay.  
5.4. Combining the pillars of BERTHA 
The Learning Factory BERTHA has a huge potential to help 
exchange knowledge, experience and information between 
different groups of participants. Each of the pillars (see Fig. 2) 
contribute different aspects that the other pillars can profit 
from.  
x The researchers of the R&D pillar offer newest 
technologies and findings to students and industrial 
participants in coaching courses alike.   
x The students of the research-based learning pillar offer 
fresh ideas and flexible minds to inspire new approaches 
to problems. They also are easily available and motivated 
participants for experiments.  
x The education and training pillar offers experienced 
workers sent for coaching courses to learn the newest 
methods for optimizing processes. They bring with them a 
perspective for real-world problems focusing research and 
education on to more relevant paths. This pillar also offers 
trainees from vocational schools sent for training that have 
mostly the same advantages as students but with a more 
practical background. 
5.5. Industrial Courses 
The Learning Factory BERTHA will be opened to interested 
companies offering coaching in the newest methods in 
assembly and manufacturing to their employees. The lean 
management course outlined in the next is an example of such 
a course. 
5.6. Future Course: Lean management 
The successful test of BERTHA in the course allows the 
development of further complex concepts for the facility. One 
of the planned courses is an introduction to lean management 
methods. This course explains the history and theoretical 
concepts of lean management. It allows experiencing 
advantages while testing tools and methods in the realistic and 
practical environment of the Learning Factory BERTHA. This 
course is still in its conceptual phase and the flexibility of 
BERTHA allows it to target students, vocational trainees and 
employees alike by using variations in course layout, length, 
focus and difficulty level. 
6. Conclusions  
The success of the described course shows that BERTHA is 
suitable to provide practical parts for mechanical engineering 
and similar university programs. This strongly suggests that 
BERTHA is usable in research-based learning courses 
matching the first pillar. The course also shows the value of the 
facility as an experimental platform to test and compare 
different assembly processes. This satisfies the requirements of 
the research and development pillar. The last pillar is not tested 
yet.    
In the near future the described course will be extended and 
optimized and the lean management course will be 
implemented. Courses for process optimization and similar 
topics for industrial employees and management will be 
prepared and tested in parallel. 
References 
[1] Abele E, Reinhard G (2001) Zukunft der Produktion. Carl Hanser, Munich. 
[in German]  
[2] Abele E, Metternich J, Tisch M, Chryssolouris G, Sihn W, ElMaraghy H, 
Hummel V, Ranz F. Learning Factories for research, education, and 
training. Procedia CIRP 2015, 32: 1 – 6. 
[3] Cresswell J (2008) Educational research : planning, conducting, and 
evaluating quantitative and qualitative research. 4th ed. Upper Saddle 
River: Pearson Education. 
[4]  Huber L (2009) Forschendes Lernen im Studium. Warum das Forschende 
Lernen nötig und möglich ist, UniversitätsVerlagWeber p. 9-35. [in 
German] 
[5] Hellmer J (2009) Forschendes Lernen im Studium. Forschendes Lernen an 
Hamburger Hochschulen – Ein Überblick über Potentiale, Schwierigkeiten 
und Gelingensbedingungen., UniversitätsVerlagWeber p. 200-223. [in 
German] 
[6] Tracht K, Funke L (2015) Online-control of assembly processes in paced 
production lines. CIRP Annals – Manufacturing Technology 64: 395-398 
[7] Landesinstitut für Schule – Abteilung Ausbildung (2012) . Handreichung 
für Referendarinnen und Referendare 4. Untericht planen – 
Unterrichtsentwürfe erstellen. [in German]
 
